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Induction, transfer and specificity of contact photosen-
sitivity to 3,3' ,4' ,5-tetrachlorosalicylanilide (TCSA) 
w ere s tudied in mice. Mice were sensitized by 2 daily 
abdominal paintings with 1% TCSA plus irradiations 
with "black lights." The degree of hyper sen sitivity was 
a ssayed by m ea suring the increment of ear thickness 24 
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DNFB: dinitroflu orobenzene 
DTH: delayed-type hypersensitivity 
HBSS: Hanks' Bala nced Salt Solu tion 
hr after challenge with 0.1% TCSA plus irradiation with 
black lights. Long ultraviolet (320-400 nm) but not ery-
throgenic (280-320 nm) radiation was required for in-
duction and elicitation of the response. The 24-hr ear 
reaction was not detectable on day 3, peaked on days 5 
to 7, and waned thereafter. Tpe histologic picture of a 
swollen ear at the peak of the reaction showed dense 
infiltration of mononuclear cells intermingled with pol-
I 
MHC: major histocompa tibility complex 
NP: 4-hydroxy-3-ni trophenyl acetyl 
OX: oxazolone 
TBS: 3,4',5- tribromosalicyla nilide 
T CS: 3' ,4 ',5-trichlorosalicylanilide . 
T CSA: 3,3',4' ,5-tetrachlorosalicyla nilide 
UV A: long ultraviolet irradiation 
UVB: erythrogenic ultraviolet irradiation 
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ymorphonuclear leukocytes in the dermis. Treatment of 
immune lymph node cells with anti-Thy-1.2 antiserum 
and complement abrogated the ability of these cells to 
transfer the sensitivity to naive recipients. The success-
ful transfer required the identity of the left half of the 
major histocompatibility complex between the donor of 
immune lymph node cells and the recipient. T cells con-
cerned with the photosensitivity did not seem to mediate 
contact sensitivity to TCSA since dichotomy of the reac-
tivity occurred among photosensitized mice on day 7, 
one group showing contact sensitivity in addition to the 
photosensitive reaction while the other being photosen-
sitive alone. The photosensitivity was highly specific for 
TCSA as immune mice neither photocross-reacted nor 
cross-reacted with 3',4', 5-trichlorosalicylanilide, 3,4',5-
tribromosalicylanilide, or bithionol. These results pro-
vide a definite proof that contact photosensitivity in 
mice to TCSA is a highly specific, delayed-type hyper-
sensitivity reaction which is effected by distinct T cell 
subset(s) under genetic restrictions of the major histo-
compatibility complex. Furthermore, this simple and re-
liable method to induce delayed-type photosensitive re-
actions in mice will he a useful strategy for rapid screen-
ing of contact photoallergens. 
Clinical and experimental studies have suggested that contact 
photosensitivity is a form of delayed-type hypersensitivity 
(DTH) which, except for the requirement of light energy, in 
all other respects corresponds to ordinary contact sensitivity 
[1-8]. In humans the lesion is an eczematous reaction and the 
histological picture is characterized by epidermal spongiosis, 
exocytosis and a dense mononuclear cell infIltrate in the dermis 
[3,5,7]. Peritoneal exudate cells from photosensitized animals 
can passively transfer the sensitivity to normal recipients 
[2,9]. In vitro correlates of DTH, i.e., lymphocyte blast trans-
formation and migration inhibition test, have demonstrated the 
sensitivity of immune mononuclear cells to protein-bound pho-
toproducts of 2 different photo allergens [10,11]. Although these 
data suggest the cell-mediated immune pathogenesis for contact 
photosensitivity, the mechanisms of cellular regulation of the 
reaction have not been fully elucidated. 
Thus far, guinea pigs have been the only animal species used 
for the study of contact photosensitivity [2,11-13]. The main 
difficulties encountered in designing the experimental system 
in guinea pigs are to obtain high incidence of positive reactors 
during short induction periods, and to measure the reactions 
quantitatively. It is, therefore, desirable to develop a more 
simple and reliable method to assay contact photosensitivity in 
other animal species. This is important for elucidating the 
. mechanisms underlying the reaction and for rapid screening of 
potent photosensitizers among a broad group of drugs and 
chemicals. 
Discovery of existenc;e of DTH in rnice has resulted in their 
widespread use in the study of DTH-regulated phenomena 
because of the technical convenience of this species. Contact 
sensitivity in the mouse has useful features such as quantitation 
of the reaction, availability of syngeneic and congenic strains in 
passive transfer of the sensitivity, and induction of tolerance by 
various methods [14-16]. . 
In this report we describe the conditions for induction and 
elicitation of contact photosensitization to 3,3' ,4' ,5-tetrachlo-
rosalicylanilide (TCSA) in mice. TCSA, originally used as a 
germicide, has been found to be a strong photosensitizer to 
human and guinea pigs [1-4,17,18]. Painting of TCSA plus 
black light irradiation was performed on the abdomen of mice 
for induction and on the ear for elicitation of the photosensitiv-
ity. Except fbr exposing sensitizer-painted sites to long ultravi-
olet irradiation (UVA) , our' sensitization technique was essen-
tially the same as that employed by Asherson and Ptak [19] 
and , by ~laman .and colleagues [20] for the study of contact 
sensitivity to oxazolone (OX) and dinitrofluorobenzene (DNFB) 
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in mice. Our results provided evidence that contact photosen-
sitivity to TCSA in mice was a T cell-mediated DTH reaction . 
MATERIALS AND METHODS 
Animals 
BALB/c (H_2d ), DBA/2 (H_2d ) , C3H/He (H_2k) , and C57BL/ 6 (H-
2") mice were obtained from Shizuoka Experimental Animal Corpora-
tion, Hamamatsu , Japan. A/ J (H-2") , BI0.A (H-2"), and BI0 (H-2") 
mice were provided from stocks maintained at Institute for Immunol-
ogy, Faculty of Medicine, Kyoto University, Kyoto. Female mice, 8 to 
16 weeks old, were used in all experiments. 
Chemicals 
3,3' ,4' , 5-tetrachlorosalicylanilide (TCSA) was purchased from East-
man Kodak Co., Rochester, N.Y.. 3' ,4' ,5-trichlorosalicylanilide (TCS) 
and 3,4',5-tribromosalicylanilide (TBS) were obtained from Tokyo 
Kasei Co., Tokyo, Japan. Bithionol (BITH) was purchased from Sigma 
Chemical Co., St. Louis, Mo. These chemicals were used withou t 
further purification. 
Light 
20W Toshiba FL-20 BLB (black light) (Toshiba Electric Co., Tokyo, 
Japan) was used for irradiation. The black light emitted UVA ranging 
mainly 320-400 nm with a peak emission at 360 nm. The energy output 
of 3 tubes arranged in parallel was 2.7 mw / cm2 at 360 nm and 0.17 mw / 
cm2 at 305 at a distance of 15 cm. 
Sensitization 
Mice were painted with 0.05 ml of 1% TCSA in acetone to the clipped 
skin of the abdominal waU, and within 30 min, the site wa irradiated 
with three black lights at a distance of 15 cm for 2.5 hr by placing cages 
containing mice over the lights. The painting plus irradiation was 
performed on 2 consecutive days, i. e. days 0 and 1. Control animals 
were painted with the vehicle and irraidiated in the similar manner. In 
some experiments light passed through a pane of window glass 3-mm 
thick to inSUl'e that no radiation below 320 nm reached the skin. The 
energy out put under this condition was 2.2 mw/ cm2 at 360 nm and 
<0.01 mw/ cm2 at 305 nm. Contact sensitivity to TCSA'was induced by , 
the same procedure without irradiation. 
Ear Cha.llenge 
Before challenge the basal line thickness of both ears on all mice was 
measured with a dial thickness gauge. All mice were, then, challenged 
on the both sides of each ear lobe with 0.02 ml of 0.1% TCSA in ethanol. 
Within 30 min, mice received i.rradiation under t!u'ee black lights at a 
distance of 15 cm for 2.5 hr. Ear thickness was measured 24 hi" after 
completion of irradiation and expressed as the mean increment in 
thickness above base line control values. In experiments where coexist-
ence of contact photosensitivity and contact sensitivity was assessed in 
individual mice, the right ear lobe was painted with TCSA and were 
irradiated for 2.5 lu·. The left ear lobe was then painted with TCSA, 
and thickness of both ears was measured 24 hr after challenge. 
Histology 
Ears were removed from sensitized and control mice prior to and 24 
!u' after ear challenge. The specimens were fixed in 10% neutral for-
malin, embedded in paraffin and the 5 J.UTI sections were stained with 
hematoxylin-eosin. 
Adoptive Transfer of Conta.ct Photosensitivity 
Axillary, brachial and inguinal lymph nodes were collected on day 7. 
Single cell suspensions were prepared by teasing the lymph nodes in 
Hanks' balanced salt solution (HBSS) (Nissui Seiyaku, Japan) contain-
ing penicillin (100 U/ ml) and streptomycin (100 J.lg/ m1). The cells were 
washed twice with HBSS by centrifugation at 1000 rpm for 7 min at 
4 cC. The viable cells, as assessed by trypan blue dye exclusion method, 
were always >90%. 1-2 X 108 cells in 0.4 ml of HBSS were injected i.v. 
into normal recipients. Control received no cells. Within 1 hr after cell 
transfer, the recipient and control mice were challenged on the ears 
with TCSA painting plus irradiation, and ear swelling was read at 24 
hr. 
Cytotoxic Trea.tment of Lymph Node Cells with Monoclon.al An.ti· 
Thy·l.2 Antibody and Complement 
108 of lymph node cells were incubated with 10 ml of a monoclonal 
anti-Thy-1.2 antibody (F7D5 monoclonal IgM antibody, Olac Ltd. , 
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Oxon, England) at a dilution of 1/2000 in HBSS for 30 min at room 
temperature (23°C) . Cells were pelleted by centrifugation and resus-
pended in 10 ml of a 1/20 dilution of complement (Low-Tox-M rabbit 
complement; Cederlane Laboratories Ltd., Ontario, Canada) (C) in 
HBSS for 45 min at 37°C in a CO2 incubator. The cells were washed 
twice by centrifugation with HBSS, and were resuspended in 0.4 ml of 
the same medium. T his treatment killed 70-80% of the cells in staTting 
populations, and > 95% of the viable cells possessed surface immuno-
globulin as detected by membrane immunofluorescence. Control lymph 
node cells were treated with C alone in a similar way, and the cytotox-
icity was < 10%. 
Statistical Analyses 
Student's l-test was employed to determine statistical differences 
between means. In experiment VIII, establishment of the sensitivity in 
individual mice was determined by the Thompson's critical region test 
with the level of significance IX = 0.01 for the value of ear thickness in 
the case of the corresponding negative control. 
RESULTS 
Induction of Contact Photosensitivity to TCSA 
To determine a brief but powerful photosensitization regi-
men, groups of BALB/c mice were given various numbers of 
daily painting with 1% TCSA plus irradiation with black lights 
for 2.5 hr. Control received paintings of the vehicle and irradia-
tions. Mice were challenged with 0.1% TCSA plus irradiation 
on day 7. T a ble I shows that 2 daily abdominal paintings plus 
irradiations resulted in a highly significant degree of sensitiza-
tion as indicated by the increased ear thickness 24 hr after ear 
challenge . Four paintings and irradiations gave a comparable 
degree of sensitization (data not shown). On th e other hand, 
photosensitization was not achieved with a single painting plus 
light. 
Various concentrations of TCSA wer e examined at the time 
of both photosensitization and challenge. As shown in Table II, 
0.5% TCSA plus irradiation at challenge was irritating since the 
degree of increm ent in ear thickness was not different between 
sensitized and nonsensitized mice. On the other hand, the 
challenge dose· of 0.1 % and 0.05% was not irritating. Mice were 
equally sensitized either with 5% or 1% TCSA plus irradia tion 
as revealed by the increment of ear thickness after challenge 
either with 0.1% or 0.05% TCSA plus irradiation. 
The effect of the duration of irradiation with black lights on 
photosensitization with 1% TCSA and elicitation with 0.1% 
TCSA was investigated in BALB/c mice (Table III) . Sensiti-
zation with 2 daily irradiations for 2.5 hr followed by ch allenge 
with either exposure to light for 2.5 hr (group I) or 1 hr (group 
II), and sensitization with two daily irradiations for 1 hr and 
challenge with either 2.5 hr inadiation (group III) or 1 hr 
(group IV) gave comparable degrees of sensitization. 
Experi.mental induction of contact photosensitivity to TCSA 
in man and guinea pigs requires not only UV A but also ery-
throgenic ultraviolet (280-320 nm) irradiation (UVB) [1-4]. It 
is possible that a small amount of UVB emitted from th e black 
TABLE I. Number of abdominal p aintings plus irradiations and 





Number of abdominal 






± SD (X lO- a cm) 
0.8 ± 0.78 
2.0 ± 1..2" 
7.7 ± 0.8 
"Gro·ups of 5 to 7 BALB/c mice were painted with 0.05 ml of 1% 
TCSA in acetone (II, III) or the vehicle alone (I) on the shaved 
abdomen, and were irradiated with black lights at a distance of 15 cm 
for 2.5 hr (days 0 and 1) . ·On day 7, all mice were challenged with 
application of 0.02 ml of 0.1% TCSA in ethanol on both ears followed 
by irradiation with black lights at a distance of 15 em for 2.5 hr. Eru· 
thickness was read at 24 hr and was expressed as the mean increment 
in thickness above base line control values. 
/> p > 0.1 compru'ed with nonimmune mice (Group I). 
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light used in our study plays a crucial role in sensitization and/ 
or elicitation of photosensitivity to TCSA. A pane of window 
glass 3 mm thick was used to eli.minate this erythrogenic 
component. A group of BALB/c mice (group I) was exposed to 
irradiation which passed through window glass both at sensiti-
zation and challenge. Other groups were irradiated with the 
black lights at either challenge (group II) or sensitization (group 
III), or both (group IV). As shown in Table IV, comparable 
induction of the sensitivity occurred in alJ groups as assessed 
by ear thickness 24 hr after challenge. 
Based on these results, a sensitizing schedule of 2 successive 
daily paintings of 1% TCSA on the abdomen plus irradiations 
for 2.5 hr with black lights and a challenge schedule of appli-
cation of 0.1% TCSA on the ear plus irradiation with black 
lights for 2.5 hl" were chosen in subsequent experiments. 
Time Course of Photosensitivity 
RALB/c mice were challenged at various days after sensiti-
zation with TCSA plus black lights. Although no response was 
detectable on day 3, the maximum reaction was obtained on 
days 5 to 7 (Fig 1). Mice still responded to a lesser degr ee on 
day 10 but did not react on day 16. Development of ear s welling 
TABLE II. Effect of concentration of TCSA on sensitization and 
elicitation of contact photosensitivity 
Concentration of 
TCSA(%)" Increment of ear thickness Group 
± SD (x to-" cm) Sensiti- Elicitation zation 
Exp 
I 5 0.5 5.3 ± 0.61 " 
II 1 0.5 6.3 ± 3.12" 
III (Control) 0 0.5 3.3 ± 1.04 
IV 5 0.1 4.7 ± 1.52'· 
V 1 0.1 4.0 ± 0.97" 
VI (Control) 0 0.1 0.7 ± 0.60 
Exp 2 
I 5 0.1 7.8 ± 1.54 ,. 
n 1 0.1 11.0 ± 0.86'" 
III (Control) 0 0.1 0.7 ± 0.57 
IV 5 0.05 9.8 ± 3.18'" 
V 1 0.05 6.3 ± 1.51 '" 
VI (Control) 0 0.05 0.8 ± 0.5.3 
"Groups of 7 BALB/c mice were painted with 0.05 ml of" various 
concentrations of TCSA in acetone or the vehicle alone (control) on 
the shaved abdomen, and were irradiated with black lights at a distance 
of 15 em for 2.5 h.r (days 0 and 1) . On day 7, all mice were challepged 
with application of 0.02 m] of vru·jous concentrations of T CSA in 
ethanol on both ea.rs followed by ilTadialion with black lights at a 
distance of 15 cm for 2.5 hr. Ear thickness was read at 24 hr. 
"p > 0.1 , compared with group III in Exp. 1. 
c 0.001 < p < 0.005, compru·ed with group VI in Exp. 1. 
d P < 0.001, compru·ed with group VI in Exp. l. 
'" 0.001 < p < 0.005, compared with correspoi'tding controls. 
TABLE III. }<;ffect of duration of bla.ell light irradiation. on 




















Increme nt. of ear 
thickness ± SD 
(X .IO- " em) 
9.5 ± 3.3" 
6.0 ± 4.59" 
6.5 ± 3.11" 
7.2 ± 4.34 b 
0.6 ± 0.48 
"G.roups of 5 BALB/c mice were painted with 0.05 ml of 1% TCSA 
in acetone (I-IV) or the vehicle alone (V) on the shaved abdomen. The 
animals were irradiated with black lights at a distance of 15 cm for 2.5 
or 1. hr (days 0 and 1) . On day 7, all mice were challenged wi th 
application of 0.02 ml of 0.1% TCSA in ethanol on both ears followed 
by irradiation with black lights at a d·istance of 15 cm for 2.5 or 1 hr. 
Ear thickness was read at 24 hr. 






TABLE IV. E ffect of erythrogenic (280-320 nm) irradiation on 
contact photosensitivity to TCSA 
Light" Increment of ear 
Group thickness ± . D 
Sensitization Elicitation (x 10- " em ) 
BL+G b BL+G 3.5 ± 0.62 
BL+G BL 6.3 ± 2.11 c 
BL BL+G 3.7 ± 1.20 
BL BL 3.7 ± 0.58 
V (Control) BL BL 0.6 ± 0.49 
" On days 0 and 1, groups of 5 BALB/c mice were pa inted with 0.05 
ml of 1 % TCSA in acetone on the shaved abdomen (I-IV) or the vehicle 
alone (V) . On day 7, all mice were challenged with 0.02 ml of 0.1% 
T CSA in ethanol. At both sensitization and elicitation, the a nima ls 
were irradiated with black ligh ts or black lights passed thl"ough a pane 






















/, BL+G, black lights passed through window glass; BL, black ligh ts. 
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Days after Priming 
FIG 1. Kinetics aftel" pl"iming fOl" contact photosensit ivity to TCSA. 
Groups of 5 BALB/c mice were sensitized with painting of 0.05 ml of 
1% T CSA in acetone plus irradiation with black lights at a distance of 
15 cm for 2.5 hI' on days 0 and 1. At different t imes, mice were 
challenged with painting of 0.02 ml of 0.1 % T CSA in ethanol on both 
eal"S plus black light irradiation for 2.5 hr. Eal" thickness was read at 24 
hl" and was expressed as the mean incremen t in thicknes above base 
line control value. The hatched area shows the range of ear swelling 
(mean ±SD) in nonphotosensitized animals. 
in sensitized mice challenged on day 7 is shown in Fig 2. No 
significant ear swelling occurred immediately after irradiation 
and 4 h.r postirradiation. The swelling peaked at 24 hI' and 
decreased by 48 hr. Nonsensitized animals gave almost un-
changed levels of ear thickness throughout 48 hI' period. 
Histology 
The types of cells involved in the ea]' swelling response were 
examined in hematoxylin-eosin stained sections of an ear from 
photosensitized BALB/c mice obtained 24 11.1' after challenge. 
There was a dense mononuclear cell infiltrate mainly of lym-
phocytes and histiocytes with a moderate number of polymor-
phonuclea]' leukocytes in the dermis. Invasions of the mono-
nuclear cells into hair follicles were occasionally observed (Fig 
3A). Ears from unsensitized mice challenged in the same man-
ner showed essentially no inftltrate at 24 hr (Fig 3B). 
Induction of SensitiI,Jity in Various Mouse Strains 
Applicability of the above-described <:chedules to mouse 
strains other than BALB/c mice was examined. Mice with 
various H-2 haplotypes were challenged on day 7 after sensiti-
zation with TCSA plus black lights on days 0 and 1. As shown 
in Table V, various but significant degrees of the sensitivity 
were obtained 24 hr after challenge, when the development of 
ear swelling in these strains reached a maximum level. Thus 
contact photosensitivity seems to be inducible in various mouse 
strains irrespective of H -2 haplotype. 
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Time after Chall e nge (hrs) 
III 
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FIG 2. Time course of development of eru' swelling fo llowing pho-
tochallenge. One group(o) of 5 BALB/ c mice was painted with 0.05 ml 
of 1% TCSA in acetone on the a bdomen, and was irradiated with black 
lights at a distance of 15 cm for 2.5 hr (days 0 and 1). Another group(e) 
was painted with the vehicle a lone and was irradiated as in the 
sensitized group. On day 7, both groups were challenged with 0.1% 
T CSA in ethanol plus black light irradiation for 2.5 hJ' on both ears. 
Ear thickness was read at various t imes after irradiation. Vertical bars 
indicate the SD of the mean. . 
Adoptive Transfer of Sensitivity 
Direct evidence for mediation of contact photosensitivity by 
T cells was sought in an adoptive cell transfer system. Lymph 
node cells obtained from photosensitized BALB/ c mice on day 
7 were injected i.v . into naive syngeneic mice. Recipients were 
challenged on both ears with TCSA plus irradiation within 1 hI' 
of receiving the transfer. As shown in Table VI, a significant 
degree of contact photosensitivity was transferred to normal 
BALB/c with 1-2 X 108 immune lymph node cells. Treatment 
of immune lymph node cells with anti-Thy-1.2 antibody plus C 
treatment before transfer abrogated this reaction. Recipients 
receiving serum from sensitized donors also showed no signifi-
cant eaT swelling. The data indicate that T cells were respon-
sible for the transference. The role of the MHC of effector cells 
was investigated in the development of transfer of the sensitiv-
ity. Exp I in Table VII shows that lymph node cells from 
photosensitized BALB/c mice transferred the sensitivity to H-
2 identical hosts, DBA/ 2. No reaction was elicited when im-
mune lymph node cells were transferred to completely H-2 
nonidentical hosts, C3H/He mice, or to A/ J mice which share 
the right half of the MHC. On the other hand, the reciprocal 
experiment (exp II in Table VII) demonstrated that immune 
lymph node cells from C3H/ He mice transferred photosensitiv-
ity to A/ J and B10.A mice which shru'e the left half of the 
MHC, as well as to syngeneic C3H/ He mice. These results 
indicated that the transfer was restricted by the K, I-A, I-B, 1-
J and/or I-E regions. 
Cross· R eactivity to Other Photo allergens 
Among individuals with TCSA contact photosensitivity, pho-
tocross-reactivity to other halogenated salicylanilides and re-
lated compounds is a common finding [1-4]. To examine the 
cross-reactivity in mice, groups of BALB/ c mice were photo-
sensitized with TCSA and challenged on day 7 with 0.02 ml of 
0.1% solution of either TCSA, TCS, TBS and BITH in ethanol 
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FI G 3. H ematoxylin-eosin stained section of a sensitized (A) and negative control (B) mouse ears 24 hr a fler cha llenge with T CSA plus black 
ligh t irradiation. There was a marked infil tration of mononuclear cells with a modera te number o f polymorphonuclear leukocytes In the del.-mls. 
An arrow indicates t he invasion of mononuclear ce lls in to a ha ir follicle. The cont rol mouse shows very few mononuclear ce lls 111 the de rmiS (x 
200). 
T A BLE V. Contact phot08ensitivity to T CSA in various mouse 
strain8 
24 hr-Increment of enr thickness ± SO 
SLrains H·2 Haplotype" (x lO- " cm)/ 
Sensitized Nonsensitized 
BALB/c dddddddd 6.6 ± 1.10 0.3 ± 0.52 
DBA/2 \ dddddddd 6.7 ± 2.16 0.2 ± 0.4 5 
C3H / H e kk~kkkkk 3.3 ± 0.50 0.3 ± 0.55 
C57BL/6 bbbbbbbb 3.2 ± 0.45 0.3 ± 0.60 
BlO bbbbbbbb 4.5 ± 1.29 0 .4 ± 0.41 
BlO.A kkkkkddd 2.3 ± 0.50 0.2 ± 0.35 
A / J kkkkkddd 5.3 ± 0.71 0.2 ± 0.35 
" MHC regions indica ted ar e: K, I- A, I- B, I-J, I-E, I-C, Sand D. 
" Various strains of mice were pa in ted with T CSA (sensitized) or t he 
vehicle alone (nonsensitized), and received black ligh t irradiation on 
days 0 and 1. On day 7, a LI mice were cha llenged wi th application of 
TCSA on both ears fo llowed by black ligh t irradiation. Ear t hickness 
was read at 24 hr. 
fo Uowed by irradiation with black Ijghts for 2.S hr. Above this 
concentration T CS, TBS, and BITH solution caused primary 
i.rri tation upon irradiation. Mice which were photosensitized 
with TCSA did not react either with T CS, TBS, or BITH upon 
photochalienge (Table VIII), or gave no reactivity with a ch al-
lenging dose of TCS without subsequent i.rradiation (data not 
shown). 
Coexistence of Contact Photosensitivity and Contact Sensitiv-
ity 
We next sought coexistence of contact photoallergic and 
contact allergic reactions to T CSA in individuals, which is a 
TABLE VI. Transfer of contact phot08ensitivity to TCSA by im.mune 
lymph node T cells 
Tra ns rer (i.v.)" 
2X IO" immune LNC 
10" immune LN C 
10" immune LN C 
0.5 ml immune serum 
P ositive control 
Negative cont rol 
Cell treatment 
C 
monoclona l crThy1.2+ C 
lnc l'eme nl o f' car 
thickness ± , 0 (x 
10-" Col ) 
3.3 ± 0.48 
3.0 ± 0.51 
0.4 ± 0.47 
0.3 ± 0.19 
4.6 ± 0.72 
0.3 ± 0.54 
" BALB/c mice were photosells it ized wi th 0.05 ml of 1% T CSA plus 
black ligh t irradiation for 2.5 hr on 2 consecutive days (days 0 and 1 l. 
On day 7, lymph nodes were removed and single cell suspens ions were 
prepared. Before transfer to normal BALB/c mice, an aliquot of t he 
cells was treated wi th either monoclona l crThy-1.2 plus C or C a lone. 
All recipients were cha llenged wi th 0.02 ml of 0.1% T CSA a nd black 
light irradia tion for 2.5 hr on the ear within 1 hr after cell transfer. The 
increment in ear thickness was measured 24 hr aft.e r photocha llenge. 
known phenomenon in human and guinea pigs [1-4]. On days 
o and I, experimental and control groups of BALB/c mice were 
painted on the shaved a bdomen, respectively, with O.OS ml of 
1 % T CSA in acetone and with the veh.icle alone. Some experi -
mental and control groups were irradiated with black lights for 
2.5 In after each pa inting, and the others were not i.rradiated. 
All groups of mice were challenged on days S or 7 with 0.1% 
TCSA plus irradiation for 2.S hr on the right ear . After i.rradia-
tion the left ear was painted with 0.1% T CSA alone and ear 
thickness was measured at 24 hr .. Preliminary studies Llsing 
nonphotosensit ized BALB/c mice showed that thickness of 
unpainted 'ears was the same before and after exposure to black 
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TABLE VII. Adoptive transfer of TCSA contact photosensitivity in 
variow; strain. combinations 
Exp donor" 

















Incre ment of ear 
thickness ± SO 
(x lO- " cm)/' 
3.4 ± 0.70 
2.4 ± 0.95 
0.7 ± 0.82 " 
0.3 ± 0.68" 
2.0 ± 0.01 
2.4 ± 0.25 
2.2 ± 0.11 
0.7 ± 0.48 '" 
"On days 0 and 1, BALB/c mice (exp I) and C3H/mice (exp II) were 
sensitized wi th TCSA plus black light irradiation. Only day 7, single 
cell suspensions of peripheral lymph nodes were prepared. Recipients 
recieved 10" cells and were challenged wi th TCSA plus irradiation. The 
increase in ear thickness was assessed at 24 hI'. MHC regions indicated 
in parentheses are: K, I-A, I-B, I- J , I-E, I-C, Sand D. 
" Mean values ± SD in nonsensitized mice not receiving cells ranged 
from 0.25 ± 0.46 to 0.5 ± 0.55. 
,. p > 0.1, compared with corresponding nonsensitized mice. 









0. 1% TCS 
0.1 % TBS 
0.1% BITH 
Increment of ca r thick-
ness ± SO 
(XLO- " em) " 
3.3 ± 0.53 
0.3 ± 0.48 '" 
0.8 ± 0. 76" 
0.6 ± 0.45" 
"Groups of 5 BALB/c mice were sensitized wi th TCSA plus black 
light irradia tion on days 0 and 1. Negative control was painted with the 
vehicle alone and irradiated. On day 7, mice were challenged wi th 
application of 0.02 ml of 0.1 % solu tion of either TCSA, TCS, TBS, or 
BITH in ethanol on both ears, followed by black light irradiation for 
2.5 hr at a distance of l5 cm. The increase in ear thickness was read at 
24 hI'. 
/, Mean ± SD in negative control mice ranged from 0.2 ± 0.46 to 0.5 
± 0.63 
"p > 0.1, compared wi th corresponding negative control. 
lights, and the reactivity to a challenging dose of T CSA was 
comparable between postirradiated and nonirradiated eaJ·s. The 
difference of the value of ear t hickness between the sensitized 
mouse and the corresponding negative control was statistically 
significant (p < 0.01) when the Thompson's critical region test 
was applied . 
As in T a ble IX, photosensitized mice were found to be both 
contact photosensitive and contact sensitive upon challenge on 
day 5. The degree of contact photosensi t ive reactions was 
greater than that of contact sensitive responses in photosensi-
tized mice. On day 7, however, more than half of the mice gave 
only a photosensitivity reaction while the rest still s howed both 
sensitivities. None showed contact sensitivity alone. On the 
other hand, only contact sensitivity was induced on day 5 in 
mice that wer e sensitized with T CSA in the a bsence of irradia-
tion. On day 7, mice immunized with T CSA alone were divided 
into 3 groups with respect to the reactivity. The first group was 
contact sensitive, the second both contact sensitive and photo-
sensitive and the third nomeactive. In the second group the 
degree of contact sensitivity was greate r than that of the pho-
tosensitivity. 
DISCUSSION 
Experimental induction of contact photosensitivity has been 
reported in man and guinea pigs [1-4,10-13]. Hepeated appli-
cations of TCSA and irradiations over relatively long periods 
aTe necessru'y for the induction, but the incidence of positive 
reactors a mong tested subjects is not high. CompaJ'ed wi th 
these difficulties, 2 daily paintings of TCSA and UV A irradia-
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TABLE IX. Coexistence of contact photosensitivity and contact 














CPS + CS 
Sensit izationh 
TCSA + UVA 
Increme nt. of ear 
thickness 
(X IO- " em) " 
0/ 11 " 
0/ 11 
11/ 11 
(CPS, 7.6 ± 0.89; 
CS, 3.4 ± 0.89) ,. 
0/ 11 
10/ 16 
(6.5 ± 1.71) 
0/ 16 
TCSA 
Increment of ear 
th ickness 
(x 10-" cm) 
0/ 4 
4/ 4 





(4.3 ± 1.38) 
6/6 4/ 4 
(CPS, 9.2 ± 2.14; (CS, 4.8 ± 0.96; 
CS, 4.3 ± 1.37) ,. CPS, 2.8 ± 0.50) r 
NR 0/ 16 3/ 14 
"CPS, CS, CPS + CS, and NR indicate mice showing contact 
photosensitivity alone, contact sensitivity alone, Loth contact photo-
sensitivi ty and contact sensitivity, and no response, respectively. 
" Mice were sensitized with 1% TCSA plus black lights (TCSA + 
UVA) or 1% TCSA alone (TCSA), and were challenged on day 5 (exp 
I) and on day 7 (exp II) with 0. 1% TCSA plus black light irradiation on 
the right ear and 0.1% TCSA alone on the left ear as described in 
Materials and Methods. Ear th ickness was scored 24 hT after challenge. 
Establishment of the sensitivity in individual mice was decided by the 
Thompson's cri tical region test with the level of significance 0 ' = 0.0 ] 
for the value of ear thickness in the case of the corresponding negative 
control. 
" Mean ± S.D. of responders. Negative control values in both TCSA 
+ UV A and TCSA sensitized groups ranged from 1..5 ± 1.0 to 0.2 ± 
0.45. 
" Number of responders/ group. 
,. Statistically significantly different between CPS and CS (0.001 < P 
< 0.005) . 
r Statistically significantly different between CS and CPA (0.005 < P 
< 0.01). 
tions resulted m photosensitization virtually in all mice in a 
week. In human and guinea pigs both UV A and UVB h ave 
been required for experimental induction of contact photosen-
sit ivity [1-3,12,13]. It has been proposed that the skin damage 
induced by UVB irradiation accounts for the increased inci-
dence of induction of photosensitization [21]. In contrast, our 
r esults in mice showed that the energy required for induction 
of sensitivity was 'associated with UV A, indicating that UVB 
was not mandatory for this reaction. The procedure employed 
in this study was essentially th e same as the technique to 
sensitize mice with known contact sensitizeJ's such as DNFB 
and OX [19,20]. Our procedure differed only in that animals 
were exposed to irrad iation at both induction and elicitation of 
the sensitivity. 
Contact photosensit ivity to TCSA in mice is a T cell mediated 
DTH reaction as illustrated by th e fo llowing findings. Sensitized 
mice exhibited a m aximum response to TCSA between 5 and 7 
days after the last immunizing painting plus irradiation. No eru-
swelling could be demonstrated up to 6 hr after challenge, and 
the r eaction reach ed a peak at 24 h1'. The histologic picture of 
the swollen ear at the t ime of t he maximum reaction was 
chaJ'acterized m ainly by a dense dermal mononuclear cell infil-
trate with occasional exocytosis into th e epidermis. ~ot~ t.he 
kinetics of the reaction and the histologic picture are mdlstll1-
guisha ble from those of ordinary contact sensitivity to DN~B 
and OX in mice [19,20,22]. The most important obser vatIOn 
was a requirement for immune lymph node T cells for transfer 
of the photo ensitivity to MHC-compatible naive r ecipipnts. 
Harber and Baer [2,9] have accomplish ed the passive transfer 
of TCSA contact photosensitivity with peritoneal exudate cells 
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from guinea pigs which are highly photosensitized with TCSA. 
It is demonstrated that peritoneal exudate cells of sensitized 
guinea pigs contain cellular immune effector T cells in high 
proportions [23-26]. Thus, they assume that the cells respon-
sible for the transfer in guinea pigs are T cells. OUT present 
fmding proved the feasibility of their assumption. Although the 
transfer was not achieved by immune sera, infiltration of a 
moderate number of polymorphonuclear leukocytes in the re-
active site does not exclude the possible participation of anti-
bodies bound to macro phages to the inflammatory processes as 
is shown in OX contact sensitivity in mice [27]. 
The current model ofT cell recognition indicates that T cells 
are activated by antigens in the context of the gene products of 
the MHC [28-30]. Successful transfer of the sensitivity requires 
genetic identity in the region(s) of the MHC between donor and 
recipient mice. It has been shown that H-2I compatibili ty is 
necessary for pi:lssive transfer of DTH skin reactions [28]. On 
the other hand, the restriction is variable in hapten-specific, T 
cell skin sensitivity. Homology at either H-2K, I, or D is 
sufficient for adoptive transfer of DNFB contact sensitivity [28] 
and 4-hydroxy-3-nitrophenyl acetyl (NP) cutaneous sensitivity 
[31,32]. Transfer of contact sensitivity to OX and azobenzen-
arsonate is restricted by the left half and the I region of the 
MHC, respectively [33,34]. As shown in the present study, 
TCSA contact photosensitivity requires the identity of the K, 
I-A, I-B, I-J, and/or I-E regions of the MHC. One of the 
explanations for this variability is that contact sensitizers with 
different physicochemical properties determine whether T cells 
are specific for I, K, and/or D-region coded structures [34,35]. 
In contrast to cross-reactions to other halogenated salicylan-
ilides and related compounds demonstrated in TCSA photosen-
sitivity in human and guinea pigs, mice reacted to TCSA in a 
highly specific manner in that the photosensitized animals 
neither photocross-react to TCS, TBS or BITH, nor cross-react 
to TCS. It is unlikely that mice are intrinsically insensitive to 
these compounds sinpe both TBS at:ld BITH were found to be 
potent photosensitizers in mice (Miyachi Y, Takigawa M, man-
uscript in preparation). 
Absence of cross-reactivity to TCS is an important finding, 
which may provide some insight about the mechanism of for-
mation of haptenic determinants in contact photosensitivity. In 
this regard, one hypothesis is that the photoallergen is a hapten, 
which binds to the carrier protein via the formation of free 
radicals resulting from radiation [6,36]. This view is put forward 
based on the studies by Jenkins, Welti, and Baines [37] that 
TCSA binds (mnly with y-globulin and serum proteins when 
mixtures are irrad\ated and that electron spin resonance signals 
from irradiated TCSA indicate the presence of free radicals. 
Another theory suggests that the photosensitizer is a prohapten, 
that is converted to the complete hapten by irradiation [3]. 
This is exemplified by TCSA photosensitive subjects who react 
to un irradiated patch tests with major photocomposition prod-
ucts of TCSA. Thus the latter view predicts TCS and 3',4'-
dichlorosalicylanilide as complete hap tens in TCSA photosen-
sitivity. The present finding that the cross-reaction to TCS was 
not elicited in TCSA photosensitized mice seems to support the 
free radical formation theory. 
Coexistence of contact photosensitivity and ordinary contact 
sensitivity poses a critical question whether the T cells con-
cerned with both reactions are identical. Cross-reactivity of T 
cells occurs under various conditions. For example, cytotoxic T 
cells recognize a wide variety of antigens cross-reacting with 
those against which the immune population was originally 
sensitized [30,38]. Mice given sheep red cells developed DTH 
reactions when challenged with heterologous as well as homol-
ogous red cells [39]. T cells concerned with cutaneous sensitivity 
to a hapten NP also mediate the same skin reaction to a closely 
related 4-hydroxy-5-iodo-3-nitrophenyl acetyl hapte'n in strains 
of mice bearing the Igh-lll and some other allotypes [32]. 
However, in the present study, it is more likely that at least 
two different subsets of effector T cells had developed following 
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epicutaneous application of TCSA with or without UV A irra-
diation; one mediated contact photosensitivity and t he other 
contact sensitivity. Support for this prediction comes from the 
finding that on day 7 TCSA contact photosensitive mice dem-
onstrated contact photosensitivity alone while most of the 
contact sensitive animals gave only ordinary contact sensitivity 
to TCSA. If effector cells for both sensitivities were the same, 
it was not conceivable that the mice showed only one of the 
reactions. 
Successful induction of photosensitive reactions in the mouse 
system has led to the current use of this animal for evaluating 
phototoxic chemicals [40]. On the other hand, allergic drug 
photosensitivity reactions have, to date, been studied only in 
guinea pigs and human. The present work not only documents 
mechanisms underlying the event of contact photosensitivity to 
TCSA but suggests the usefulness of mice for the screening of 
contact photosensitizers among a variety of drugs and chemi-
cals. In fact, several well known photosensitizers have been 
shown to induce contact photosensitive reactions in mice by 
using the same procedure described in this study (Miyachi, Y, 
Takigawa M, manuscript in preparation). 
We wish to thank Drs. D . Martin Cartel' and Sadao Imamura for 
their critical reading of the manuscript, a nd Ms. Madoka Suzuki ('or 
the technical assistance. 
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Antibodies to Human Epidermal Cytoplasmic Antigens: Incidence, 
Patterns, and Titers 
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Serum or plasma specimens were assayed in indirect 
immunfluorescence tests on cryostat sections of normal 
human skin for the presence and titer of antibodies 
reactive with human epidermal cytoplasmic antigens. A 
polyva lent fluorescein-labeled goat anti-human immu-
noglobulin antiserum was used in all tests. Three distinct 
s taining patterns w ere noted: upper epidermal cytoplas-
mic fluorescence, U-CYT, produced by antibodies reac-
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Abbreviations: 
BCL: basel cell cytoplasmic flu orescence 
ECA: epidermal cytoplasmic ant igens 
FITC: flu orescein isothiocyanate 
G-CYT: general cytoplasmic fluorescence 
PBS: phospha te-bu ffered saline 
U-CYT: upper epiderma l cytoplasmic flu orescence 
tive with antigen present in cells of the upper and middle 
layers of the epidermis; general cytoplasmic fluores-
cence, G-CYT, produced by antibodies reactive with an-
tigens present in cells throughout the epidermis; and 
basal cell cytoplasmic fluorescence, BCL, produced by 
antibodies reactive with components present only in 
basal cells. Sera from 8% of 52 normal blood dOllors 
produced the U-CYT pattern at dilutions greater than 
1:10. The incidence of antibodies reactive with epidermal 
cytoplasmic antigens in patients with a clinical history 
of not more than 2 basal cell carcinomas of the skin was 
5%, compared to an incidence of 89% in those individuals 
with 3 or more separate instances of skin neoplasms. 
There was no difference in the frequency with which 
cryosurgery was used in the treatment of skin neoplasms 
in either of these 2 groups. Antibodies to epidermal 
cytoplasmic antigens were also detected in 10% of pa-
tients with nondermatologic, nonpulmonary neoplasms, 
in 43% of patients with pulmonary neoplasms a nd in 10f 
11 patients with nonneoplastic diseases. Positive sera 
yielded titers ranging from 1:16 to 1:1024. The most 
common staining patterns noted in all of these cases 
were the U-CYT and G-CYT patterns; the BCL staining 
pattern was noted in only one instance. 
